Introduction
Lumbar discectomy is one of the most common treatments for lumbocrural pain caused by lumbar disc herniation. Outcomes after lumbar discectomy continue to improve as indication for surgery and surgical techniques improve. Despite the general success of the surgery, some patients continue to experience long-term lumbocrural pain, even when reduced nerve pressure has been confirmed by intraoperative observation and postoperative imaging. Surgical efficacy ranges between 60% and 90% and is dependent in the metrics used to measure success [1] [2] [3] [4] . Persistent post-operative pain, severe impairments with activities of daily living and inability to work are the most common factors underlying patient-reported dissatisfaction with surgery.
Persistent postoperative pain is one of the most common impairments following surgery. Some researchers have suggested that chronic lumbocrural pain is affected by psychological stress, pathological behaviors, and attitude towards general pain and disability, which may result in different patterns of pain response among patients with similar pathology [5] . Pain is a subjective sensation and a complex psychophysiological phenomenon, making the individual interpretation of pain and the associated damage inconsistent between patients [6, 7] . Depressed patients are prone to fear and negative responses to pain [8] and these patients are prone to catastrophizing their pain experience, which leads to a voluntary reduction in daily activities and reduced work-related activities. This can occur even when the actual pain is not of a magnitude that would interfere with daily activities. Many researchers have found a correlation between pain, fear-avoidance beliefs [9] , depression and functional abnormalities [10] [11] [12] . This relationship is exceptionally strong for patients with back pain and psychosocial factors play a primary role in the incidence and prognosis of patients with lumbocrural pain. Duration of sick leave, work satisfaction, education level, preoperative pain, anxiety and depression are the factors that are most likely to affect surgical outcome [13] [14] [15] [16] [17] [18] .
During times of physiological and emotional stress, cortisol is the end-product hormone of the hypothalamus-pituitary-adrenal cortex axis (HPA axis). It plays a central role in regulating inflammation and resisting external damage. Lumbocrural pain is caused by the mechanical compression by a degenerated lumbar disc on nerve roots and the chemical stimulation of inflammatory mediators such as IL-1β, IL-6, TNF-α and PGE2 [19, 20] . The level of cortisol secreted by the body can have a mental and physical effect on patients. Patients with greater cortisol secretion have a higher lumbocrural pain tolerance, overcome the fear of pain, and have greater improvements in function than patients with lower levels of cortisol secretion [21, 22] . Patients with long-term chronic lumbocrural pain, depressive symptoms and suboptimal functional outcomes demonstrate lower levels of cortisol secretion and a higher production of inflammatory mediators [23] , resulting in persistent chemical stimulation to the nerve roots and persistent lumbocrural pain.
Preliminary experiments have shown that the decrease in diurnal cortisol secretion was more obvious in patients with chronic somatic pain and that these patients demonstrated a more unstable cortisol secretion [24] . These results suggest that there are two types of cortisol secretion -stable and unstable. Patients with unstable cortisol secretion tend to be affected by external stimulation and have abnormal pain. Therefore the purpose of the present study was to investigate the saliva cortisol level of Chinese patients with lumbar disc herniation and to clarify the correlation between the factors that could affect postoperative effectiveness and saliva cortisol level. These results may allow future researchers and clinicians to better quantify patient prognosis based on the type of cortisol secretion.
Experimental Procedures
This study was approved by the Institutional Review Board at China Medical University and the local ethics committee. All subjects gave informed consent before participating in any facet of the study.
Inclusion criteria
Patients with lumbar disc herniation in our department were recruited to participate in the study. All patients with lumbar disc herniation were scheduled to undergo surgical treatment to manage low back and referred leg pain that was present for at least 6 months and was reported to be getting worse. All subjects reported that their normal walking distance was less than 500 meters. All herniated segments were located at the L4-5 or L5-S1 junction, unilaterally. This was confirmed with preoperative physical examination including lumbar range of motion (ROM), straight leg raising test (SLR), Lasegue sign, and reduced superficial sensation and muscular strength of the L5 or S1 dermatomes and myotomes. Imaging studies were also used to confirm the diagnosis. Imaging included a lumbar spine X-ray, computer tomography (CT) and magnetic resonance imaging (MRI). Subjects were excluded if the X-ray examination revealed lumbar instability during end range flexion-extension. Subjects were also excluded if preoperative serum tests, including anti-Streptolysin O, rheumatoid factor, and C-Reactive Protein (ASO/ RF/CRP), erythrocyte sedimentation rate and serum complement tests were positive. No patients were included that reported a history of lumbar injury or trauma.
The patients in the chronic somatic pain groups were all receiving therapies in our psychological outpatient service and reported somatic disorders with chronic pain as the main symptom. Diagnoses included chronic low back pain, neck pain and headache with a duration of more than 6 months. No subjects in this group presented with organic disease during any examinations. Symptoms in these patients were only relieved with psychological therapies.
Twenty healthy pain-free subjects, 10 male and 10 female, were also included as a comparative group. The education levels were close to the experimental group and subjects were excluded if they reported any recent serious injuries, work or learning pressures, or negative life events, such as layoffs of divorces.
Design
Thirty-seven patients, 22 males and 15 females, with lumbar disc herniation met the inclusion criteria and were included in this study. The age of this group ranged from 19 to 59 years with a mean age of 44.4. Our psychological outpatient service recruited 18 patients with chronic somatic pain, including 5 males and 13 females. The age range was 13 to 61 years with a mean age of 39.3. A total of 20 subjects, 10 male and 10 female, were included in the control group with an age range of 25 to 57 years with a mean age of 39.3.
There were no statistically significant differences in the ages or sex ratios between the three experimental groups (Table 1) .
Preoperative examinations included physical, radiographic and serum examinations, as well as psychosocial surveys. The saliva samples were collected on the second day after hospital admission and surgery was performed one to two days after the saliva collection. The postoperative examinations included physical and radiographic examinations and were conducted at a short-term follow-up visit. Saliva samples were collected from patients with chronic somatic pain from our psychological outpatient service and from healthy, pain-free subjects on a random day, and then compared with the samples of patients with lumbar disc herniation.
Collection, storage and detection of saliva samples
Saliva samples were collected from April to June 2009. Samples from patients with lumbar disc herniation were collected on the second day after hospital admission, which was typically one to two days prior to surgery. Samples from patients with chronic pain and from healthy subjects were collected on a random day.
Five time points were chosen on the collection day: 6:00, 7:00, 8:00, 12:00 and 16:00. The samples were collected with 1.5 ml centrifuge tubes. Before collection, patients gargled with warm water, and kept 1 ml of saliva each time. After collection, the samples were stored immediately at -20°C. All saliva samples were analyzed in the central laboratory of China Medical University using Cortisol EIA kits (Cayman, USA).
Investigation indices
All patients undergoing surgery were also given several functional, social and health history questionnaires. We recorded the duration of sick leave in months, self-reported satisfaction with work (satisfied, basically satisfied or dissatisfied) and education level (university graduate or higher, high school, middle school, or elementary school). The Self-Rating Anxiety Scale (SAS) and Self-Rating Depression Scale (SDS) were also collected from each patient. All patients completed a visual analog score (VAS) where 0 represents no pain and 100 represents the worst pain imaginable.
The Japanese Orthopedic Association (JOA) score was collected prior to and following the surgery. The JOA score is a measure of functional ability where 15 is the maximal score indicating the mildest pain.
Statistical analysis
SPSS v11.0 software was used for the statistical analysis in this study and P<0.05 was considered statistically significant. The SNK-q test was used to compare the levels of saliva cortisol secretion. Pearson correlation analysis was used to evaluate the correlation between saliva cortisol secretion levels, change in JOA scores and preoperative VAS scores. Least squares difference was used to assess the correlation between saliva cortisol secretion levels, JOA score recovery values, education levels, SAS and SDS.
Results

VAS and JOA scores changes in patients with lumbar disc herniation
Preoperative VAS scores of the 37 patients with lumbar disc herniation ranged from 30 to 90 with a mean value of 72.7. Preoperative JOA scores ranged from 2 to 8 with a mean value of 4.4. In the follow-up visit period between 6 and 8 months after the operation (an average follow-up visit time of 7.7 months), the JOA scores in 37 patients ranged from 8 to 14 with a mean value of 11.4. The change in the JOA scores between baseline and follow-up ranged from 3 to 11 with a mean value of 6.9.
Comparison of saliva cortisol secretion between the groups
The saliva cortisol concentrations were compared between groups and time points. There were no statistically significant differences in saliva cortisol values between patients with lumbar disc herniation and those in the control group (P>0.05). However, the saliva cortisol values of patients with chronic pain were significantly lower than patients in either of the other two groups at 6:00, 12:00 (P<0.05) and 16:00 (P<0.001) ( Table 2 ) (Figure 1 ). There is a circadian rhythm to the level of free cortisol secretion and peak levels occur between 6:00 and 8:00. the hours of 8:00 and 12:00. The levels continue to decrease after 12:00, although at a slower rate and by 0:00 to 2:00, the levels will decrease by 88% compared to the peak [25, 26] . The rate and amplitude of changes in saliva cortisol level were greater after the peak period in patients with chronic pain, compared with patients in the other two groups. Saliva cortisol during the peak period (6:00, 7:00 and 8:00) and during the declining period (12:00 and 16:00), as well as the change in saliva cortisol level (highest value-lowest value) were also compared between groups. During the declining period, saliva cortisol levels were significantly lower in patients with chronic pain compared to patients in the other two groups (P<0.01). The change in cortisol levels was significantly greater in the chronic pain group (P<0.05). Saliva cortisol secretion levels in the peak period were similar across the three groups, but the declining rate and overall change in cortisol levels were significantly greater in the chronic pain group compared to patients in the lumbar disc herniation group and the control group (Table 3) .
Correlation between saliva cortisol level and post-operation improvement
The mean value of one single time point or the sum of the five time points values do not completely reflect the real cortisol secretion levels within the body. Collectively examining the mean values of the peak period, mean values of the declining period and the change in cortisol levels more accurately describe the individual cortisol secretion throughout the day. For this reason, these three indices (peak period mean, declining period mean, change in mean) were evaluated to clarify the correlation between saliva cortisol level, psychosocial factors and postoperation improvement in the subsequent experiments. Correlation between the three cortisol indices and the change in JOA scores (JOA at follow-up -JOA at baseline) were tested. All three indices were correlated with the change in JOA scores (P<0.01), but cortisol during the declining period and the change in cortisol levels were most correlated with change in JOA scores (P<0.001). The higher the cortisol values during the peak and the declining periods, the greater the improvement after the operation. Conversely, higher cortisol change rates and higher magnitudes of change in cortisol were associated with lower improvement after the operation (Table 4) .
Correlation between psychosocial factors and post-operation improvement
The duration of sick leave of the 37 patients with lumbar disc herniation ranged from 0.5 to 7 months with an average of 2.35 months. The VAS score for these patients ranged from 30 to 90 with a mean of 72.7. Work satisfaction, education level, anxiety (SAS) and depression (SDS) were scored according to different rating records. The correlation analysis for each index and the post-operation improvements indicated that duration of sick leave was negatively correlated with the change in JOA scores (r=−0.472, P<0.01). Therefore, the longer the duration of sick leave, the less improvement occurred after the operation. Preoperative pain was positively correlated with post-operation improvement (r=0.512, P<0.01) ( Table 5) . Work satisfaction (P<0.05) and depression (P<0.01) were correlated with the change in JOA scores. The change in JOA scores of patients who were not satisfied with work was significantly lower than those of patients who were satisfied (P<0.05). In addition, patients with SDS scores indicating no depression improved more than those with SDS scores indicative of depression (Table 6 ).
Correlation between saliva cortisol level and psychosocial factors
Cortisol values during the peak period and the declining period, as well as the magnitude of change were tested for correlations with psychosocial factors (Table 7 , Table 8 ). There was no statistical correlation between the duration of sick leave and the saliva cortisol secretion during peak period in the 37 patients with lumbar disc herniation (P>0.05), but the duration of sick leave did correlate with the values during the declining period and the magnitude of change. The longer the duration of sick leave, the smaller the value during the declining period (r=−0.609, P<0.001) and the greater the change in cortisol levels (r=0.698, P<0.001). The three indices of cortisol levels were also all individually correlated with work satisfaction and depression. None of the indices were correlated with preoperative pain (VAS score), education level or anxiety. Additionally, education level, anxiety score were not correlated change in JOA score, while the duration of sick leave, preoperative pain (VAS score), work satisfaction and depression were related to post-operative improvement.
Discussion
It is common for some patients with psychosocial factors to have chronic somatic disorders that are mainly manifested as chronic somatic pain, even when organic disease is ruled out. Most of these patients in the orthopaedic clinics present with low back pain with associated disc herniation confirmed by imaging. The mechanical pressure of the disc on the nerve may partially account for the pain, although it is not always the primary source of pain in the region. Surgeries that correct anatomical pathologies and remove the source of discal pressure fail to improve the pain experienced by these patients. Pain may persist even when radiographic imaging reveals an absence of discal herniations in the region after surgery. Although a few international articles have reported that psychosocial factors affect the prognosis of lumbar discectomy, little attention has been paid to this issue in China. This oversight may arise from a lack of an accepted physiological mechanism to explain the difference between symptomatic presentation and identified pathology. Cortisol secretion is regulated by the hypothalamus-pituitary-adrenal cortex axis (HPA axis). Psychosocial factors stimulate the patient on a long-term chronic basis, resulting in inhibition of the HPA axis and a subsequent decrease in the patient's cortisol secretion. This hormonal alteration may be the underlying cause of chronic pain [27] , which can then impact the prefrontal cortex and limbic system, affecting the cognition, emotion and behaviour of the patient.
Saliva cortisol detection is advantageous for several reasons. This method is not invasive, making it the ideal method to collect cortisol levels throughout the day. In addition, the saliva samples are not affected by serum binding proteins, making the samples easy to preserve. Normal cortisol levels from saliva have been well documented and reflect the real changes in cortisol secretion that occur in accordance with the circadian rhythm [28] [29] [30] . At present, the saliva cortisol concentration test in China is primarily used to screen for Cushing's syndrome and evaluate patients with depressive symptoms. It has also been used in pharmacokinetic studies, but there is a lack of literature pertaining to correlation between orthopedic pain and cortisol secretion levels in Chinese patients.
This study concluded that there were significant correlations between the level of cortisol secretion, psychosocial factors and post-operative improvement. This report also was able to provide preliminary information on the interaction between all three of these variables. The experiments revealed that the saliva cortisol secretion level in the peak period was not different between healthy control subjects, patients with chronic somatic pain and patients with lumbar disc herniations. However, we did find that the rate of change in the cortisol levels, as well as the magnitude of change in cortisol levels were significantly greater in patients with chronic somatic pain compared to the patients in the other groups. The diurnal cortisol level was obviously lower, which resulted in more local inflammatory mediators [31] and abnormal pain in the medullary dorsal horn [32] . The correlation analysis for saliva cortisol secretion levels in different phases, psychosocial factors and the post-operative improvements indicated that in patients affected by negative psychosocial factors the decline in cortisol level was more obvious and the postoperative outcomes were worse. Tak et al. [24] selected 741 adults into a random cohort study. Among the subjects, 43 patients were diagnosed with somatic function disorders according to the Composite International Diagnostic Interview (CIDI). The 24 h urine of each subject was collected and the cortisol secretion was measured. The results showed that there was not a significant correlation between the low gross cortisol secretion and the development of somatic function disorder, confirming that cortisol secretion was unstable in patients with chronic somatic function disorders. However, the total secretion amount was not significantly different compared with healthy people.The experiments also showed that the peak cortisol secretion did not differ significantly among the three groups. The primary differences were reflected in the degree of the secretion volatility or the rate of change. This finding is consistent with previous work that has identified two types of cortisol secretion: stable and unstable. These two kinds of secretion types are generally similar at the peak stage of secretion, but differ during the period of decline. The stable type has a relatively flat and smaller decline, while the decrease after peak in the unstable type is more evident and more rapid. These two types may be partially caused by innate factors. Patients with the unstable type tend to be affected by external stimulations with negative mental and physical consequences and these individuals were more prone to chronic pain. If these people are stimulated for a long time or repeatedly, the harmful changes can lead to abnormal behaviors and sensations. Because of this, differences in the type of cortisol secretion may play a role in the prognosis of lumbar discectomy. As a stress response hormone, cortisol secretion can also be affected by many acquired factors. Close attention should be paid to psychosocial factors in patients with chronic somatic pain and life-style changes may play an important role in the symptomatic presentation of the disease. Increasing participation in vigorous activities like running, or winter swimming may techniques to allay some of the negative consequences associated with decreases cortisol production. In addition to simply increasing overall levels, it may also be important to delay the decline to maintain the cortisol at a higher level for a longer period of time. Future research that evaluates the effectiveness of prolonging cortisol secretion may reveal novel therapies to manage physical and mental pain in these patients.
Some factors previously found to influence surgical outcomes were not found in this study. For example, education level and anxiety have been listed as the primary factors that are related to the patient prognosis after lumbar discectomy, although we found no correlation between these variables in the present study. This may be related to methodological differences, time to follow-up or even different cultures and conditions in China, compared to the western regions like Europe and America. Additionally, some other factors may affect cortisol secretion, but were beyond the scope of this study.
Some orthopaedic departments in American and European countries employ psychologists. In China, it is typical that orthopedists rely on their own experience to screen patients to exclude those with psychological disorders or chronic somatic pain tendencies. However, this method of screening may not be able to differentiate these patients and may fail to identify patients that would benefit from psychological interventions. If saliva cortisol detection could be applied in outpatient clinics, and patients can be classified into types of cortisol secretion, then patients could be more objectively screened. Psychological therapies, behavior therapies and necessary medications could then be given to appropriate patients and outcomes for these patients dramatically improve.
Conclusions
Cortisol secretion level is a probable physiological mechanism that affects the prognosis of lumbar discectomy. Patients with an unstable type of cortisol secretion tend to have poor prognosis after lumbar discectomy.
